238 BvLUP5 and BvCYP716A80 to provide substrates for the CYP72As. We have 239 previously shown that when these two genes are transiently co-expressed in tobacco 240 leaves, oleanolic acid is the major product (Khakimov et al., 2015) . When CYP72A552 241 was co-expressed with BvLUP5 and BvCYP716A80, two major peaks and one minor 242 could be identified (Fig. 2a) 279 is approximately 94 nmol cm -2 . A dose of 100 nmol cm -2 hederagenin 3-O-280 monoglucoside reduced larval feeding by 90% compared to controls, which is a four-281 fold stronger feeding reduction than oleanolic acid 3-O-monoglucoside (Fig. 3b) . At 282 the dose of 25 nmol cm -2 , only hederagenin 3-O-monoglucoside reduced larval feeding, 283 which is in agreement with the expected dose dependency. Even more strikingly, 284 hederagenin 3-O-monoglucoside caused up to 75% larval mortality, which is 2-fold 298 caused 75% larval mortality compared to less than 5% for the other two 299 monoglucosides (Fig. 3) . At the dose of 25 nmol cm -2 , none of the monoglucosides 300 affected consumption, confirming the dose dependency of saponins for defense. In 301 conclusion, hederagenin 3-O-monoglucoside is a major deterrent or toxin against both 302 diamond back moth and tobacco hornworm. Thus, the system consisting of tobacco leaf 303 discs and tobacco hornworm larvae can be used for structure-activity relationship 304 studies of saponin-mediated plant defense. 313 and LUP5+CYP716A80+CYP72A552+UGT73C11 (C2) (Fig. 4a) . To verify that the 314 pathway was properly reconstituted, the major monoglycosides, as well as sapogenins, 315 were identified in leaf extracts and quantified by LC-MS and GC-MS, respectively ( (Fig. 5a ), indicating they have been subject to stronger positive selection, especially in 359 comparison with those evolved before the split of A. thaliana and B. vulgaris.
360
The order of the CYP72As in the tandem array corresponds well to the topology of 361 the phylogenetic tree, and the order is in agreement with the syntenic tandem array in 362 A. thaliana (Fig. 5b) . Each of the three orthologous pairs of B. vulgaris and A. thaliana 
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In this study, we introduced a fast and powerful system for determining structure- 
